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► The concentration and flora of viable fungi in school environments were reviewed.  20 
► Meta-regression was performed to estimate the average behaviour for each analysis. 21 
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Abstract  29 
 30 
Elevated levels of fungi in indoor environments have been linked with mould/moisture damage in 31 
building structures. However, there is a lack of information about “normal” concentrations and flora 32 
as well as guidelines of viable fungi in the school environment in different climatic conditions. We 33 
have reviewed existing guidelines for indoor fungi and the current knowledge of the concentrations 34 
and flora of viable fungi in different climatic areas, the impact of the local factors on concentrations 35 
and flora of viable fungi in school environments. Meta-regression was performed to estimate the 36 
average behaviour for each analysis of interest, showing wide variation in the mean concentrations in 37 
outdoor and indoor school environments (range: 101-103 cfu/m3). These concentrations were 38 
significantly higher for both outdoors and indoors in the moderate than in the continental climatic area, 39 
showing that the climatic condition was a determinant for the concentrations of airborne viable fungi. 40 
The most common fungal species both in the moderate and continental area were Cladosporium spp. 41 
and Penicillium spp. The suggested few quantitative guidelines for indoor air viable fungi for school 42 
buildings are much lower than for residential areas. This review provides a synthesis, which can be 43 
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used to guide the interpretation of the fungi measurements results and help to find indications of 44 
mould/moisture in school building structures.   45 
 46 
Keywords: Viable fungi; School environment; Climate areas; Concentrations; Flora; Guidelines 47 
 48 
 49 
1. Introduction 50 
Fungi are eukaryotic organisms which belong to the Mycota kingdom. They lack chlorophyll and 51 
depend on other organisms for their supply of nutrients (Eduard, 2009). As fungi can exploit all 52 
organic materials, in humid conditions they can damage building materials. Fungi can also invade and 53 
infect living organisms (Eduard, 2009). Indoor microbial exposure has been related to a range of 54 
adverse health effects such as respiratory illnesses and allergies among human beings (Aydogdu et al., 55 
2005; Bornehag et al., 2001; Brunekreef, 1992; Dales et al., 1991; Hussin et al., 2011; Meklin, 2002; 56 
Reponen et al., 2011; Spengler et al., 1994; Yua et al., 2011). However, the causal dose-response 57 
relationship has not been established (Aydogdu et al., 2005; Bornehag et al., 2001; Frankel et al., 58 
2012; Mazur and Kim, 2006; Salonen, 2009; WHO, 2009) and there are no uniformly accepted, or 59 
validated, quantitative exposure or environmental sampling or  analytical methods for mould and 60 
other agents associated with damp indoor environments (ACGIH, 2009; Frankel et al., 2012; Mazur 61 
and Kim, 2006). The culturable methods – generally with impactors – have a long history and are still 62 
widely used, although the use of DNA techniques, such as qPCR, has increased during recent years 63 
(Pitkäranta et al., 2011; WHO, 2009). 64 
Despite the lack of knowledge about the dose-response relationship, air samples from residential 65 
settings are commonly collected in order to assess human exposure to fungi (Frankel et al., 2012; 66 
Portnoy et al., 2004). Air samples are also collected for the detection and quantification of fungi if 67 
there are concerns of abnormal presence of fungi in the absence of any visible mould growth (e.g. 68 
musty odour), to identify fungi release from sources, and to monitor the effectiveness of control 69 
measures (ACGIH, 1999; DOHMH, 2008; Mazur and Kim, 2006). As fungi concentrations vary over 70 
a wide range (due to, e.g., climatic conditions and their life cycle), the range of quantitative guidelines 71 
is broad (Burge, 2002; Gots et al., 2003). Most of these guidelines are based on residential studies, 72 
and the basis of the criteria varies. Some have been based on measurements in complaint buildings 73 
and others in non-complaint buildings (Burge, 2002; Gots et al., 2003).There are only a few studies 74 
reporting concentrations of fungi in the school environment, and only very few studies reporting 75 
concentrations of viable fungi in subtropical or tropical school settings. As different local factors, 76 
such as climatic and meteorological factors, highly affect fungal levels (Bartlett et al., 2004; 77 
Hargreaves et al., 2003; Salonen et al., 2013), a synthesis of information about “normal” and 78 
“abnormal” airborne fungal levels from school environment in different climate areas, affecting 79 
factors, along with published guidelines/reference values are needed. The current reference values, 80 
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which are based on residential environments, may not be applicable to indoor environments in public 81 
buildings, such as in schools. There is some indication of that the lower levels of airborne levels of 82 
fungi in public buildings are lower than compared those with in residences, which was hypothesized 83 
to be due to more efficient ventilation, larger rooms, fewer soft furnishing and plants, handling of 84 
foodstuffs, and the absence of pets in public buildings (Kemp et al., 2002; Lehtonen et al., 1993; Loan 85 
et al., 2003)  86 
The aim of this paper was to provide a critical review of the existing published studies on 1) 87 
concentrations and flora of viable fungi in school environment in different climatic regions; 2) impact 88 
of the local factors on outdoor and indoor fungal concentrations and flora (including school settings); 89 
and 3) guidelines for viable fungal spore concentrations in indoor air (including school environment) 90 
from government, private organizations and investigators.  91 
 92 
2. Material and methods 93 
 94 
2.1. Literature search 95 
 96 
A Pubmed search of the literature published between 1958 and 2013 was performed. 97 
Altogether 50 search terms (See Table S1 in supplementary material) and different combinations of 98 
these were used. The search included a combination of at least three individual terms at the same time, 99 
and the term school and/or indoor air were used in every search. Original peer-reviewed research 100 
articles and literature reviews were included in the search. Following this, the lists of references used 101 
in broadly relevant articles (based on their titles and abstracts with measurements of airborne viable 102 
fungi in school environment and/or proposed guidelines/reference values of viable fungi for indoor 103 
environment) were then researched. After searching through the reference lists, all relevant papers 104 
based on their titles were chosen for a more detailed search. We also added a few frequently-cited 105 
authors (Meklin, T; Bartlett, K.H.; Dharmage, S.; Reponen, T. and Haverinen-Shaughnessy, U.) and 106 
organizations (World Health Organization (WHO), Occupational Safety and Health Administration 107 
(OSHA), American Conference of Governmental Industrial Hygienists (ACGIH)) as search terms. In 108 
addition, we searched for guidelines and relevant sections of books, bibliographies, and monographs. 109 
In order to find relevant literature and web pages, we also established personal contacts with experts 110 
in the field. The search was undertaken between August 2012 and May 2014. 111 
 112 
2.2. Literature selection and classification 113 
 114 
All the references that were identified were initially selected on the basis of their titles and/or 115 
abstracts, with information about: (i) airborne viable fungi concentrations and fungal flora in school 116 
environments from different climatic regions, (ii) factors affecting concentrations and flora of viable 117 
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fungi, and/or (iii) numerical guidelines and reference values for viable fungal spore concentrations in 118 
indoor air and for I/O-ratios.  119 
Altogether 400 abstracts were selected based on the eligibility of the study according to the 120 
title, and following which, 300 full publications were selected based on the eligibility of study 121 
according to the abstract, which were then critically reviewed. Following the evaluation, 124126 122 
publications were selected for inclusion in this review paper, which provided information about the 123 
concentration and flora of culturable viable fungi indoors and (or) outdoors, outdoors and indoors and 124 
the effect of different local factors (e.g. climate factors, moisture and/or mould damages, the type of 125 
ventilation) on concentrations and flora. As regards the concentrations and flora of fungi, we included 126 
publications on school environments with cultivation methods (concentrations expressed as colony 127 
forming units (cfu) per m3 of air) in this review. Most of these studies included malt extract agar 128 
(MEA), which is currently the culture medium most frequently adopted in environmental sampling for 129 
airborne fungi and is recommended by the ACGIH due to its suitability for most fungal growth 130 
(ACGIH, 1999). Publications regarding concentrations of viable fungi in floor dust or total fungi 131 
(included unviable fungi) using non cultivation methods were excluded.  132 
In the case of guidelines and reference values, all published indoor guidelines for airborne 133 
viable fungi were taken into account. A summary of these published guidelines and reference values 134 
can be found in Table S2 in the Supplementary material. Literature concerning airborne viable fungi 135 
concentrations in school environments – 35 publications – were classified into four groups according 136 
to the climatic regions: 1) continental (humid continental and subarctic); 2) dry (semiarid and arid); 3) 137 
mild, moderate (Mediterranean, humid subtropical, and marine west coast) and; 4) tropical (tropical 138 
wet and dry). A summary of the information from all the reviewed publications including sampling 139 
time, sampling method, agar type, analysis method, ventilation type, building age and construction 140 
material can be found in Table S3 in the Supplementary material. Climatic classification was done 141 
according to worldwide climate classifications (National Geographic Education, 2012). Specific 142 
information regarding each climate region can be found in Table S4 in the supplementary material. 143 
The included numbers of publications in each region were 24, 1, 9 and 1, respectively. School 144 
buildings included in this review study had a range of age, construction materials and architectural 145 
styles. No data were available on both indoor and outdoor airborne viable fungal in any of the studies. 146 
We found only three school studies conducted in subtropical and tropical areas, where schools 147 
as well as residences were generally naturally ventilated, and thus, the concentrations of viable fungi 148 
were expected to be similar to each other as opposed to the concentration of viable fungi in mainly 149 
mechanically ventilated dwellings in colder climatic areas, where large differences were expected. In 150 
the subarctic area, such as in Finland and Canada, school and office buildings are both mainly 151 
mechanically ventilated and a similarity in the concentrations of viable fungi in these two types of 152 
environments is expected and has been previously demonstrated (Meklin et al., 2008; Salonen, 2009). 153 
Comparison between guidelines for these settings is also discussed in this paper.  154 
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2.3. Statistical tests  156 
 157 
Meta-regression, which is regressionanalysis based on previously published results (Salonen, 158 
2014), was performed to estimate the mean concentration during various seasons and the climate 159 
types both indoors and outdoors. The meta-analysis considered the published means as being drawn 160 
from a Poisson distribution of means for that climate type. As reporting of standard errors was not 161 
consistent across all studies included in the meta-analysis, the uncertainty in the calculated mean 162 
concentrations of the meta-analysis is over-estimated. Reporting of standard errors was not common 163 
across all studies, nor was the use of arithmetic or geometric means consistent. All reported means are 164 
treated as is published, with recognition that there will be some variation in the true modelled 165 
estimates of parameters and their credible intervals.  166 
In the case of fungi counts across multiple groups (݆ ൌ 1. . ܬ), the meta-regressions use a Poisson 167 
likelihood with a mean whose logarithm is drawn from a distribution of log-means, statistically 168 
exchangeable across groups, 169 
ݕ௜ ~ Pois൫ߣ௝൯
log ߣ௝ ~ ܰሺߣ଴, ߬ఒሻ
ߣ଴ ∼ ܰሺ0,10ି଺ሻ
߬ఒ ∼ Γሺ0.001, 0.001ሻ
 
with weakly informative priors on the parameters of the prior distribution: ߣ଴, the mean of the group 170 
means and ߬ఒ  the precision (inverse variance). Rather than just taking the mean of the published 171 
means of a small number of studies, the use of a hierarchical model results in partial pooling of the 172 
published means, which allows information regarding the published mean counts in each climate to 173 
provide parameter estimates for other climates.  174 
If there were separately reported concentrations of viable fungi from different geographical locations, 175 
different seasons or different type of buildings (e.g. different type of construction material, school (e.g. 176 
primary versus university), ventilation, building condition (before or after repairs) or agar) in one 177 
journal paper, these results were reported as individual “case” (= n) in the figures. 178 
 179 
3. Results and discussion  180 
 181 
3.1. Concentrations and occurrence of airborne viable fungi in different climate regions and seasons 182 
 183 
The concentration of airborne viable fungi in different school studies varies to a large extent 184 
(10-103 cfu/m3) (Meklin et al., 2002b; Meklin et al., 2003; Mentese et al., 2009; Stryjakowska-185 
Sekulska et al., 2007). The comparison of the reported mean concentration of viable fungi in school 186 
environment representing tropical, moderate, dry and continental climate regions is presented in 187 
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Figure 1 (outdoor concentrations) and Figure 2 (indoor concentrations). The numerical concentration 188 
values of viable fungi in school buildings representing different climatic regions are presented in 189 
Table S2 in supplementary material. Regarding Figures 1 and 2 it should be noted that the median 190 
concentration of viable fungi was reported only in few studies, and thus the figures are based on mean 191 
values. 192 
  193 
 194 
 195 
 196 
Fig. 1. Mean outdoor concentration of airborne viable fungi in different climatic regions [cfu/m3]. 197 
 198 
The mean outdoor concentration (including measurements from different seasons) of viable 199 
fungi was almost 6.5 times higher in moderate (2005 cfu/m3 (95% credible interval (CI): 1931-2096 200 
cfu/m3)) than in continental (315 cfu/m3 (280-352 cfu/m3)) climate areas. The mean outdoor 201 
concentration (including measurements from different seasons) of viable fungi was almost 6.5 times 202 
higher in moderate (2005 cfu/m3) than in continental (315 cfu/m3) climate areas. The distances (in 203 
metres) between indoor and outdoor sampling sites were not reported in the papers. Generally, indoor 204 
air samples were collected in the middle of the classrooms and outdoor air samples in the playgrounds 205 
of the schools (at least 2 metres away from the building). There were no mean wintertime 206 
concentrations from subarctic areas, such as from Finland, presented in Figure 1, because outdoor air 207 
measurements were not reported in these “winter” school studies. Residential studies from this 208 
climate area reported that in wintertime, while there was generally snow cover on the ground, the 209 
outdoor concentration of fungi in subarctic area was extremely low (Rautiala et al., 1996; Reponen et 210 
al., 1992).  211 
 212 
 213 
 214 
 215 
Fig. 2. Mean and 95% posterior predictive intervals for indoor concentrations of airborne viable fungi 216 
in different climatic regions [cfu/m3]. Fig. 2. Mean indoor concentration of airborne viable fungi in 217 
different climatic regions [cfu/m3].  218 
 219 
 220 
Figure 2 shows that the mean indoor concentration of viable fungi was higher in moderate 221 
(368 cfu/m3, 95% CI: 330-407 cfu/m3) than in continental (264 cfu/m3 (95% CI :233-298 cfu/m3); 222 
continental subarctic winter 24 cfu/m3 (95% CI:15-34 cfu/m3)) areas. Figure 2 shows that the mean 223 
indoor concentration of viable fungi was higher in moderate (368 cfu/m3), than in continental (264 224 
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cfu/m3; continental subarctic winter 24 cfu/m3) area. Very low concentrations of viable fungi indoors 225 
(under 10 cfu/m3) were measured in continental non-moisture or mould damaged subarctic school 226 
buildings in wintertime (Dotterud et al., 1995; Lappalainen et al., 2001; Meklin, 2002; Meklin et al., 227 
2008). In the subarctic area indoor air measurements were generally conducted in wintertime, and 228 
thus there was no published summer data available. Only the school study by Ramachandran et al. 229 
(2005) reported concentrations of total viable fungi within three different seasons – autumn, winter 230 
and spring – in the humid continental area. In their study in Minnesota, USA, median concentrations 231 
of fungi in outdoor air was almost 13 times higher in autumn (594 cfu/m3) than in wintertime (47 232 
cfu/m3). Correspondingly, the median concentration of fungi in indoor air was 39 times higher in 233 
autumn (476 cfu/m3) than in summer (12 cfu/m3) (Ramachandran et al., 2005).  234 
Despite the lack of published school studies comparing fungal concentrations between 235 
different seasons in warmer climate areas, several school studies in moderate or tropical areas have 236 
found high fungal levels outdoors throughout the year, also in winter, and as a consequence also in 237 
indoor air measurements (Bates and Mahaffy, 1996; Dungy et al., 1986; Levetin et al., 1995; 238 
Mouilleseaux et al., 1993; Salonen et al. 2014) (Fig 1 and 2 a and 1b). In these studies, concentrations 239 
over 1000 cfu/m3 were frequently reported, and these high levels were measured throughout the year 240 
even in school buildings without mould or moisture damage (Salonen, 2014). It should be noted that 241 
concentration 1000 cfu/m3 is over two times higher than the value 500 cfu/m3, which is the acceptable 242 
summertime guideline value for indoor air proposed by WHO (WHO, 1988) and ACGIH (ACGIH, 243 
1999) (see Table S3). 244 
The reported outdoor and indoor concentrations of the three most common indoor fungal 245 
genera – Cladosporium spp., Penicillium spp., and Aspergillus spp. – in school environments in 246 
continental and moderate climate areas are presented in Figure 3. In these areas indoor air mycoflora 247 
in school settings largely reflected the fungal flora present in the outdoor air. However, there are no 248 
studies about indoor and outdoor fungal flora available from dry and tropical areas.  249 
The fungal flora encountered in studies showed a remarkable similarity. Cladosporium spp., 250 
Penicillium spp., Aspergillus spp., Alternaria spp. yeasts, and non-sporing isolates are among the 251 
most common fungi occurring in outdoor as well as indoor air of schools around the world (Bartlett et 252 
al., 2004; Cooley et al., 1998; Hargreaves et al., 2003; Levetin et al., 1995; Salonen et al. 2014; Scheff 253 
et al., 2000). Only a few studies reported species composition of fungal genera. Generally, 254 
identification took place at genus level. 255 
 256 
 257 
 258 
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Fig. 3. Posterior predictive indoor and outdoor concentrations (means and 95% credible intervals) of 259 
Cladosporium spp. Penicillium spp., and Aspergillus spp., non-sporulating isolates and yeasts in 260 
school environments in continental and moderate climate areas. 261 
 262 
Figure 3 shows that in outdoor air Cladosporium spp. is the most common fungi and occurred 263 
at the highest concentrations both in moderate (2773 cfu/m3, 95% CI: 2662-2883 cfu/m3) and 264 
continental (137 cfu/m3, 95% CI: 114-162 cfu/m3) areas. The indoor air measurements in these 265 
climate zones showed very similar Penicillium spp. concentrations (118 cfu/m3 (95% CI: 95-141 266 
cfu/m3) and 98 cfu/m3 (95% CI: 78-118 cfu/m3) respectively), while the most prevalent species in 267 
indoor air was Cladosporium spp. (403 cfu/m3, 95% CI: 361-417 cfu/m3) in the moderate climate 268 
zone; and Penicillium spp. (98 cfu/m3, 95% CI: 78-118 cfu/m3) in the continental area. The mean 269 
concentrations of Aspergillus spp. in both outdoor and indoor air were much lower than the 270 
concentration of Cladosporium spp. and Penicillium spp. The mean outdoor concentrations of 271 
Aspergillus spp. in continental and moderate areas were 17 cfu/m3 (95% CI: 9-25 cfu/m3) and 8 272 
cfu/m3 (95% CI: 3-14 cfu/m3), respectively. Within the continental climate area, indoor concentrations 273 
of Aspergillus spp. were low and similar to outdoor air concentrations (11 cfu/m3 (95% CI: 5-18 274 
cfu/m3) and 16 cfu/m3 (95% CI: 9-25 cfu/m3)), while within the moderate area, the indoor 275 
concentration of Aspergillus spp. was over 4 times higher indoors (40 cfu/m3 (95% CI: 28-54 cfu/m3)) 276 
than outdoors (8 cfu/m3 (95% CI: 3-14 cfu/m3)). Non-sporulating isolates were not reported in the 277 
continental climate zone. In the moderate climate zone, non-sporulating isolates were more prevalent 278 
outdoors (66 cfu/m3, 95% CI 49-85 cfu/m3) than indoors (32 cfu/m3, 95% CI: 21-45 cfu/m3). Yeast 279 
concentrations were higher outdoors, in both moderate (119 cfu/m3, 95% CI: 96-145 cfu/m3) and 280 
continental climates (32 cfu/m3, 95% CI: 21-45 cfu/m3), than indoors in moderate (55 cfu/m3, 95% CI: 281 
40-72 cfu/m3) or continental climates (29 cfu/m3, 95% CI: 18-42 cfu/m3). 282 
There are only two published studies on indoor and outdoor mean fungi concentrations for 283 
different seasons. Figure 3 presents estimates of indoor and outdoor mean fungi concentrations in 41 284 
schools for a range of genera across winter, spring and autumn, based on results of these published 285 
studies (both from continental climate area) (Bartlett et al., 2004; Ramachandran et al., 2005).  286 
 287 
 288 
 289 
 290 
Fig. 4. Mean indoor and outdoor concentrations of the most common fungal groups in the continental 291 
climate area during winter, spring and autumn. 292 
 293 
  294 
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Fig. 4. Mean indoor and outdoor concentrations of the most common fungal groups in the continental 295 
climate area during winter, spring and autumn. 296 
 297 
It can be seen from Figure 4 that during spring and autumn periods the concentrations of 298 
Cladosporium spp. (spring: 202 cfu/m3; autumn: 312 cfu/m3were higher than the concentrations of 299 
any other fungal species in outdoor as well as indoor air. There was a dramatic decrease increase in 300 
the concentration of Cladosporium spp. in the winter at 15 cfu/m3, while the most dominant fungi 301 
indoors was Penicillium spp. In outdoor air the concentration of Penicillium spp. (11 cfu/m3) and 302 
Cladosporium spp. (14 cfu/m3) was approximately the same level. The concentration of Penicillium 303 
spp. both indoors and outdoors was highest in autumn, at 45 cfu/m3 and 38 cfu/m3, respectively. 304 
Seasonal differences between concentrations of other fungal species, such as Aureobasidium spp., 305 
Botrytis, sterile mycelia, and yeast, were also demonstrated. The mean concentrations of Aspergillus 306 
spp. were much lower than the concentrations of Cladosporium spp. and Penicillium spp. during all 307 
seasons. Within one season, the outdoor and indoor concentrations of Aspergillus spp. were almost 308 
equal.  309 
 310 
3.2. Effect of local factors on concentrations and flora of viable fungi 311 
The effect of the moisture damage on concentrations and flora of viable fungi in school 312 
buildings were reported in five journal papers for continental climate area (Finland) (Lappalainen et 313 
al., 2001; Meklin et al., 2002a; Meklin et al., 2002b; Meklin et al., 2003; Meklin et al., 2005). Figure 314 
4 presents a summary of the reported concentrations of viable fungi in moisture-damaged and/or non-315 
damaged school buildings in Finland, where Poisson meta-regression has been performed to obtain 316 
estimates of the means. 317 
 318 
 319 
 320 
Fig. 5. Concentrations of viable fungi in non-damaged and moisture/mould damaged school buildings 321 
in continental area in Finland (Lappalainen et al., 2001; Meklin et al., 2002a; Meklin et al., 2002b; 322 
Meklin et al., 2003; Meklin et al., 2005). 323 
 324 
It can be seen from Figure 5 that in the continental area during winter time (while there was 325 
snow cover) the mean concentration of fungi in mould-damaged school buildings was significantly 326 
higher than the concentration of fungi in non-damaged school buildings. It has been reported that in 327 
the continental climatic region, as in the subarctic region, these differences between damaged and 328 
non–damaged buildings are more obvious during winter than during seasons with higher outdoor 329 
fungal concentrations (Meklin, 2002).  330 
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It was shown that the total number of fungal genera, species or microbial types found in the 331 
air samples was higher in the mould/moisture damaged schools than in non-damaged schools (Meklin 332 
et al., 2002a). The most common fungi both in indoor air of moisture/mould-damaged and non-333 
damaged school buildings were Penicillium spp., Cladosporium spp., Aspergillus spp., yeasts, and 334 
non-sporing isolates (Cooley et al., 1998; Lappalainen et al., 2001; Meklin et al., 2002a; Meklin et al., 335 
2002b; Meklin et al., 2003; Meklin et al., 2005). Several studies reported that the indoor 336 
concentrations of Cladosporium  spp. were higher in mould/moisture-damaged/complaint areas than 337 
in non-damaged/non-complaint areas (Cooley et al., 1998; Meklin et al., 2002b). In contrast, the 338 
concentration of Penicillium spp. and Aspergillus spp. varied between studies: some studies reported 339 
higher concentrations of Penicillium spp. and Aspergillus spp. in mould/moisture-damaged areas 340 
(Cooley et al., 1998), and in some studies concentration were at the same level in both 341 
damaged/complaint than non-damaged/non-complaint (Meklin et al., 2002b). 342 
Meklin et al. (2002b) found that the concentrations of Penicillium, yeasts, and Aspergillus did 343 
not differ between index and reference schools, but concentrations of Cladosporium in the 24 index 344 
(mould/moisture-damaged) schools (range = 0–170 cfu/m3) were significantly higher (p<0.05) than 345 
those in the eight reference (non mould/moisture-damaged) schools (range = 0–39 cfu/m3). 346 
Some studies reported that moisture damage indicator species (Horner et al., 2004; Hyvärinen, 347 
2002; Samson and Hoekstra., 1994), such as Mucor, Exophiala, Stachybotrys (Meklin et al., 2002a), 348 
Trichoderma, Acremonium and Aspergillus versicolor (Lappalainen et al., 2001) were present in the 349 
air of the moisture-damaged schools but were not found in the non-damaged schools/school areas 350 
(Lappalainen et al., 2001; Meklin et al., 2002a). In some studies indicator species (e.g. Stachybotrys, 351 
Trichoderma, and A. versicolor) were more frequently present in samples taken from mould/moisture-352 
damaged buildings (Meklin, 2002).  353 
The effect of moisture/mould damage on the concentrations and flora of viable fungi in 354 
school buildings were not studied in other climate area. However, in other indoor air environments 355 
(e.g. residences) the effects of moisture damage on fungal concentrations in indoor air were also seen 356 
in other regions throughout the year, such as in moderate subtropical (Godish et al., 1993; Godish et 357 
al., 1996; McGrath et al., 1999; Salonen et al., 2012). For example, (Salonen et al., 2012) reported 358 
average fungi concentrations in flooded houses as well as reference houses with no visible 359 
moisture/mould in building structures in Brisbane, located in a moderate and humid subtropical area, 360 
as 1039 (± 931) cfu/m3and 638 (± 449) cfu/m3, respectively. All published Australian studies, which 361 
reported fungi concentrations are presented in Table S5S4 in the supplementary material. In moderate, 362 
and especially in subtropical areas, the schools are mainly naturally ventilated and doors and windows 363 
are generally open during school hours. Thus the “ventilation conditions” in these schools are similar 364 
to conditions in the naturally ventilated residences, and therefore this information from residential 365 
settings in this area is relevant. 366 
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When the effect of mould/moisture in building structures on indoor air fungal concentrations 367 
is assessed, it is important to note that in a moderate subtropical area, such as in Brisbane, the “normal” 368 
background fungal concentrations can exceed 1000 cfu/m3 (Hargreaves et al., 2003; Salonen et al., 369 
2013; Salonen et al., 2012). In addition, in subtropical areas, school buildings are generally naturally 370 
ventilated, and the outdoor air fungi therefore has a significant effect on the indoor air. Thus, the 371 
association between fungal concentrations and moisture damage are not always clear (Carlson and 372 
Quraishi, 2001; Hargreaves et al., 2003; Levetin et al., 1995; Salonen et al., 2012) and are more 373 
difficult to identify than the association in colder temperatures – especially in subarctic regions – 374 
during winter time.  375 
In addition, it has been reported that differences between airborne indoor and outdoor fungi 376 
concentrations are not always seen, even in buildings with clearly visible fungal (mould) growth, and 377 
that the effect of moisture damage on concentrations of fungi was clearly seen in buildings of 378 
concrete/brick construction, but not in wooden school buildings (Meklin, 2002; Pitkäranta, 2012). 379 
Due to these different affecting factors and limitations of air sampling, a visual inspection in relation 380 
to mould and fungi damages should be conducted, in addition to environmental sampling in fungal 381 
source identification studies (Salonen, 2009). 382 
The effect of moisture-damaged repairs were reported in a few school studies. It has been 383 
found that remedial actions to the school buildings removed interior fungal growth and decreased the 384 
fungi concentration, compared with the situation before remedial actions (Cooley et al., 1998; Meklin 385 
et al., 2002a). However, in the partly renovated school, the fungal diversity remained as high as before 386 
repairs (Meklin et al., 2002a). 387 
We found two publications (Scheff et al., 2000; Stryjakowska-Sekulska et al., 2007) reporting 388 
the effect of sampling at a different time of the day on the concentration and flora of viable fungi. 389 
Stryjakovska-Sekulska (2007) reported that the morning indoor fungal air contamination was always 390 
lower than afternoons, while, Scheff et al. (2000) found that both outdoor and indoor concentration of 391 
total mesofilic fungi (25ºC species) were higher in the morning (outdoor 866 cfu/m3; indoor 1006 392 
cfu/m3) than in the afternoon (outdoor 153 cfu/m3; indoor 302 cfu/m3). In general, both studies agreed 393 
that the indoor concentration of Cladosporium spp. was always higher in the afternoon than in the 394 
morning. Scheff et al. (2000) also found that the outdoor as well as indoor concentration of 395 
Penicillium spp. was much higher (outdoor: 24 times; indoor 4 times) in the morning than in the 396 
afternoon. 397 
The type of the ventilation significantly effects the concentration of indoor fungi. Generally in 398 
naturally ventilated school buildings, the measured mean concentrations of total viable fungi and the 399 
concentration of common species, such as Penicillium spp., was higher than the mean concentration 400 
reported from those with mechanical ventilation in similar climatic areas (Bartlett et al., 2004; Dungy 401 
et al., 1986; Rahman et al., 2008). It has also been reported that the naturally ventilated rooms are far 402 
more likely to have the I/O–ratios of fungi concentrations > 1 (Bartlett et al., 2004). 403 
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The use of mechanical ventilation usually decreases the concentrations of microbial aerosols 404 
due to filtration of incoming air and due to removal of particles derived from intramural sources via 405 
the exhaust air (Meklin, 2002). Bartlett et al. (2004) found that in school buildings where the 406 
ventilation was used during the measurement day, the concentration of mesophilic fungi was 407 
significantly (p < 0.005) lower (255.8 cfu/m3 ± 2.96) than in buildings where the ventilation was not 408 
used during the test day (420.7 ± 2.48). The effect of the ventilation system varied depending on the 409 
construction type. For example, in wooden schools concentrations were the highest in fully 410 
mechanically ventilated rooms, whereas in concrete schools lower concentrations were associated 411 
with mechanical exhaust and air supply (Meklin et al., 2003).  412 
The effect of the building frame material on the concentrations of airborne viable fungi was 413 
studied by Meklin et al. (2003) in the continental area. They found that the mean concentrations of 414 
viable fungi were significantly higher in wooden schools than in concrete schools (resulting mainly 415 
from higher concentrations of the most common fungi, Penicillium spp., yeasts, Cladosporium spp., 416 
and non-sporing isolates), showing that the frame material was a determinant of concentrations of 417 
airborne fungi (Meklin et al., 2003). The concentration of viable fungi > 100 cfu/m3 was three times 418 
more frequent in wooden schools than in concrete schools, and the concentration > 500 cfu/m3 was 419 
found in 0.3% and 3% out of all samples in concrete and wooden schools, respectively. Meklin et al. 420 
(2003) assumed that the building frame itself may act as a potential source and sink of microbial 421 
particles, thus masking the effect of moisture damage.   422 
The effect of the existence of carpet on viable fungal concentrations in schools and 423 
kindergartens (in 15 buildings, 32 rooms) was studied in Denmark (humid continental area) by Bates 424 
and Mahaffy (1996). They found that the mean concentration of viable fungi was much higher in 425 
rooms with carpet (mean 291 cfu/m3, range 12–2000 cfu/m3) than in rooms without carpet (mean 155 426 
cfu/m3, range 36–309 cfu/m3). 427 
Based on findings from residential and office studies, the following local factors may also 428 
cause variations in fungal levels indoors between school buildings in the same climatic areas, and 429 
even among the different classrooms in a school building: the age of the building, the air tightness of 430 
the building, vacuuming frequency, frequency of floor and fan cleaning, the age of carpets as well as 431 
the presence and activity of occupants (Bartlett et al., 1999; Dharmage et al., 1999; Franke et al., 1997; 432 
Law et al., 2001; Lehtonen et al., 1993; Levetin, 1995; Levetin et al., 1995; Salonen, 2009; WHO, 433 
2009). However, the effects of these local factors were not reported in the published school studies, 434 
and thus substantial research concerning the effect of these factors on concentrations and flora of 435 
viable fungi in different climatic areas is critically needed. 436 
In addition to the local factors mentioned above, the measured concentration of fungi depends 437 
largely on the sampling and analytical methods used (e.g. selection of sampling device, total counts or 438 
cultivation, DNA analysis or culture media and incubation temperature). This makes valid comparison 439 
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between studies difficult (WHO, 2009; Salonen 2009). The effects of sampling and analytical 440 
methods on the reported concentration of fungi were not tested in the published school studies. 441 
 442 
3.3. I/O ratios in school buildings in different climate areas  443 
I/O ratios were reported only in a few school studies. In order to compare I/O in different 444 
climate areas, we calculated I/O ratio by dividing the reported mean indoor by the mean outdoor 445 
concentration of viable fungi.  446 
Some references include several different “studies” (e.g. from different school types or during 447 
different seasons). Hierarchical modelling in the present study showed that I/O ratios in school 448 
settings had a mean I/O ratio of 0.75 (95% credible interval: 0.43, 1.03). A ratio close to 1 means that 449 
a microbiological concentration in the indoor air is similar to the outdoor values, and the absence of 450 
indoor sources (Stryjakowska-Sekulska et al., 2007). I/O ratios greater than 1 generally indicate that 451 
outdoor levels are not the only significant contributor to fungal levels indoors, and an indoor source of 452 
fungi contributing to the concentrations (Cheong et al., 2004).  453 
Based on earlier findings (Bartlett et al., 2004) and the hypothesis that the type of the 454 
ventilation significantly affects the measured I/O ratios, we list studies that only reported 455 
concentrations in mechanically ventilated schools (6 studies from the continental area) and studies 456 
which only reported concentrations in those which were naturally ventilated (7 studies from the 457 
moderate area and 1 study from the tropical area).  458 
  459 
3.4. Proposed guidelines for airborne viable fungal concentrations and for I/O ratios 460 
Limitations in the standards and guidelines include reliance on short-term indoor samples 461 
analysed only by culture method, lack of standardized protocols for data collection, analysis and 462 
interpretation, as well as the lack of connection to human dose-response data. It has been pointed out 463 
that any proposed guideline values for fungal levels should not be used as an indicator of a health risk, 464 
but unusually high levels of fungi indoors indicate hidden mould damage in building structures 465 
(Bischof et al., 2002; Chen et al., 2012; Douwes et al., 1999; Gallup et al., 1987; Meklin, 2002; 466 
Salonen, 2009; Solomon, 2006; Waegemaekers et al., 1989; WHO, 2009) and the need for additional 467 
environmental investigations or control actions. Currently, there are no established health-based 468 
guidelines or standards for fungal concentrations for indoor air (DOHMH, 2008; Mazur and Kim, 469 
2006; WHO, 2009), and the lack of generally accepted reference values for bioaerosols (Górny and 470 
Dutkiewicz, 2002; Gots et al., 2003) seriously hinders interpretation of fungi results obtained in 471 
various countries (Górny and Dutkiewicz, 2002). However, the published knowledge regarding the 472 
levels of viable (culturable) fungi in moisture-damaged and non-damaged school buildings and 473 
suggested guidelines are needed. and guidelines for viable (culturable) fungi These may help to set 474 
some criteria for “normal” indoor air fungal concentrations in school environment in different climatic 475 
regions and to indicate presence of abnormal microbial sources. A summary of these published 476 
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numerical guidelines for viable fungal spore concentrations in non-industrial indoor air as well as I/O 477 
ratios from government, private organizations and investigators are presented in the Table S2 S3 of 478 
the supplementary material.  479 
So far the proposed quantitative guidelines and standards for fungi in different indoor air 480 
settings are based primarily on baseline data rather than on health effect data and are either numerical 481 
or relative (indoor/outdoor comparisons) or a combination of the two (Rao et al., 1996). These 482 
quantitative indoor air guidelines for fungal concentration range from 50 cfu/m3 to 2000 cfu/m3. 483 
Generally the guideline is as the “upper limit” for non–contaminated indoor environments. Lowest 484 
guidelines for fungal concentration were defined for mechanically ventilated office and school 485 
buildings during winter. It has been reported that exceeding the indoor guideline of 2000 cfu/m3 could 486 
seriously impact the health of the occupants (Klánová, 2000). However, it should be noted that this 487 
guideline is not established as health-based. 488 
There are only two studies proposing guidelines for school environments – the Finnish 489 
(subarctic climate region) study by Meklin et al. (2008) for mechanically ventilated schools and the 490 
Australian (humid subtropical region) study by Salonen et al. (2004) for naturally ventilated schools. 491 
Meklin et al. (2008) suggested that microbial presence of indoor air samples indicate mould damage 492 
in winter if concentrations are between 50 and 200 cfu/m3, where the median is >20 cfu/m3, and there 493 
are only few “zero results” (Meklin et al., 2008). Additional investigations in subtropical school 494 
settings are needed if the total viable fungal spore concentration exceeded 1450 cfu/m3 (Salonen et al. 495 
2014). For the subarctic climate region, the suggested guideline for fungi (>50 cfu/m3 in winter 496 
indicated the need for additional investigation in office buildings) are very similar to the guidelines 497 
for school buildings (Salonen, 2009; Salonen et al., 2007). It is important to note that the guidelines 498 
meant for use in school spaces in the subarctic climate region during winter cannot be applied to 499 
schools that are located in other climatic areas, such as subtropical regions. When using or developing 500 
any guidelines, the interpretation of airborne sampling should be based on multiple samples, as space-501 
time variation in the environment is high (WHO, 2009). It has been suggested that for schools, 502 
investigations should include at least 10‒12 samples per building (Meklin et al., 2008). Generally, in 503 
the published school studies, samples were taken during the school day from the middle of the 504 
classrooms at a height of 1.2‒1.5 metres. As classrooms are where students spend most of their time 505 
at school, they are the most representative of exposure. 506 
According to the Canadian numeric guidelines for fungi in office buildings, the persistent 507 
presence of potentially pathogenic or toxigenic fungi, such as Stachybotrys or Fusarium, is 508 
unacceptable at any concentration, and the measurement of any single species > 50 cfu/m3 or an 509 
overall concentration > 500 cfu/m3 indicate the need for additional investigation. It is important to 510 
note that the guidelines meant for use in mechanically ventilated school or office spaces in the 511 
subarctic climate region during winter, cannot be applied to schools which are located in other 512 
climatic regions, such as subtropical. ” 513 
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In a mild or warm climate, fungal levels in outdoor air should always be measured 514 
concurrently with indoor levels, because outdoor air levels of fungi can also be high in winter. Several 515 
studies reported that the I/O ratio > 1 indicate indoor sources (ACGIH, 1999; Cheong et al., 2004; 516 
Etkin, 1994; ISIAQ, 1996; Rao et al., 1996; Reponen et al., 1992). In Canada and US, some studies 517 
demonstrated I/O ratios of about 0.3-0.5 for healthy indoor levels in mechanically ventilated indoor 518 
environments (ACGIH, 1999; Health Canada, 1993, 1995; ISIAQ, 1996). However, in warmer 519 
climatic regions higher indoor fungal levels and I/O ratios were reported, where a greater reliance on 520 
natural ventilation results in similar or higher indoor than outdoor fungal levels and composition 521 
(Bartlett et al., 2004), and where an abundant and diversified microflora is present (De Aquino Neto 522 
and De Goes Sigueira, 2000). For example in Brazil, De Aquito Neto and De Goes Sigueira (2000) 523 
reported that I/O ≤ 1.5 refer to good, I/O = 1.5 up to 2.0 to regular, and I/O >2 to poor indoor ambient 524 
conditions. A summary of guidelines for I/O ratios proposed by government, private organizations 525 
and investigators is presented in Table S2 S4 of the supplementary material.  526 
 527 
4. Conclusions 528 
Knowledge of “normal” concentrations of fungi and fungal flora in school buildings in different 529 
climatic regions is needed in order to correctly interpret the measurement results and find indications 530 
of mould/moisture damage in building structures. Meta-regression was performed in this review to 531 
estimate the average behaviour for the available published school data, which showed wide variations 532 
in the mean outdoor and indoor air concentrations (range: 101-103 cfu/m3). Analysis of the data 533 
showed that the climatic condition was a determinant of concentrations of airborne viable fungi. Mean 534 
concentration of fungi for both outdoor and indoor were significantly higher in the moderate region 535 
than in the continental climatic area. The most common fungal species were similar in the moderate 536 
and continental areas. So far, there are only few published indoor guidelines for public buildings, such 537 
as schools. These guidelines are much lower than guidelines for residential settings. Generally I/O>1 538 
indicates indoor sources of fungi. This review can be used to guide future determination of criteria for 539 
assessing concentration and flora of airborne viable fungi in school environment in different climatic 540 
regions. This review recommends that further efforts are made to create a standardized, uniform 541 
sampling methodology for airborne viable fungi, and investigate the impact of different local factors, 542 
such as building materials, in different climate regions.  543 
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